names of families, genera, and species is fi xed by the designation of a single element termed ' type ' ; families have a type genus, genera a type species, and species a type specimen (either a dried specimen or dried culture, or a living culture preserved in a metabolically inactive state).
Introduction
The names of organisms are crucial; they are the key to all accumulated knowledge about them, not least the clinical and medical literature. The way that systems of biological nomenclature operate can consequently impact on the work of almost all biologists and medical practitioners. Consequently, it is important that naming systems facilitate rather than obfuscate communication in science. Unfortunately, that is not always the case, with different names being applied to the same species, or the names of species being changed -often for reasons that are not understood or seem arcane to applied biologists. The application of particular descriptive phrase names. Not all of these conformed to the modern concept of the genus, and at least one is a Penicillium [2] . When Linnaeus [3] endeavoured to embrace all known fungi in his system of binominal nomenclature, he accepted four of Micheli ' s species -but treated them in Mucor . It fell to Link [4] to resurrect Micheli ' s name, and he included six species of which Aspergillus glaucus was later selected as the type species of the genus [5 -7] . That species has a sexual state placed in Eurotium , but the application of the name A. glaucus has been fi xed to type material possessing only the asexual stage [8] . Since the time of Link, the number of species names introduced under Aspergillus had reached a staggering 837 by March 2010 [9] .
Regulating fungal names
Regrettably for the subsequent fate for the independent discipline of mycology, Linnaeus did not understand that fungi were entirely unrelated to plants, and so included them in Species Plantarum [3] . The legacy of this decision is a burden that mycologists have had to bear to this day. While part of the same major phylogenetic group as animals, fungi continue to be studied within courses and departments of botany, and never gained the status that would have been the case had they been a branch of zoology [10] . One consequence is that fungal names are regulated by the International Code of Botanical Nomenclature rather than in the more pragmatic International Code of Zoological Nomenclature . Had fungi been embraced by zoology rather than botany in the earliest 19th century codes, I contend that many of the key frustrations being experienced in fungal nomenclature today would never have arisen.
The botanical code is revised at special week-long Nomenclature Section meetings preceding each International Botanical Congress. These congresses now occur at intervals of six years, and few mycologists attend the Nomenclature Section meetings (in recent congresses fewer than ten). Each congress appoints a Committee for Fungi to serve until the next congress. This then votes on proposals relating to fungal names and the membership for the next period is proposed by the ' out-going ' Committee. The result is that many members serve for several decades. At last there is a strong swell of opinion to transfer decision-making on mycological matters from the International Botanical to the International Mycological Congresses [11] . However, while that move has immense promise for the future, in 2010 the latest edition of the botanical code [12] is the one which is to be used.
Mycologists concerned with Aspergillus have expressed the view that a separate mycological code on the lines of that used for prokaryotes is to be preferred [13] . While sympathetic to that view in many respects, my personal vision is for a single code. This would cover all organisms, as opposed to the present situation where we have several codes for various groups. Any further proliferation of codes would make nomenclatural issues even more complex and diffi cult to understand. The unifi ed code concept was developed in detail in the 1990s as the BioCode [14] , but was evidently ahead of its time. It was resurrected by the International Union of Biological Sciences (IUBS) at its General Assembly in Cape Town in November 2009 [15] . The BioCode is currently being adapted so that it is tailored to the needs of biologists in the age of molecular systematics and the internet.
Naming pleomorphic fungi
Fungi are unique amongst all groups of living organisms in that, under the code that currently applies, different scientifi c names are permitted to be used for one or more asexual stages of a sexual species [12] . By the midnineteenth century, it was clear that many fungi had morphologically different sexual and asexual stages. This was demonstrated particularly through the work of the Tulasne brothers [16] in which they were able to link many unknown forms, and show that they were actually states of the same species. By the late 19th century, this was being embodied in standard texts, for example in de Bary ' s [17] illustration of Eurotium repens along with its Aspergillus state. Interestingly, he used only the Eurotium name, which he had coined earlier, and not an existing Aspergillus one.
Not all cases of presumed asexual/sexual linkages were based on observations of the development of species in culture, but rather on indicative evidence from co-occurrences in nature. In some instances, before connections between the asexual and sexual stages of a particular species were established, the individual states had been given names, and these were already well established in the applied biological literature, particularly in plant pathology.
Consequently, many mycologists demanded a system of nomenclature that would allow separate names to continue for asexual states even where the sexual state was known.
The provision for the separate naming of asexual states of sexually reproducing fungi was included in the rules governing the naming of ' plants ' agreed by the International Botanical Congress in 1910 [18] ; these rules later became the International Code of Botanical Nomenclature (see above). However, this separate naming of states was restricted to ascomycete and basidiomycete fungi, except those forming lichens, and not to other fungal groups. The regulations relating to the naming of fungi with different states became increasingly complex as they were adapted at successive Congresses to cover different situations [19] . Until 1981, these regulations ruled that names introduced under a generic name, the type species of which was a borne for the sake of a much simpler and unequivocal set or rules. In Aspergillus , for example, 24 new species names for anamorphs had to be introduced, and the names of the teleomorph of numerous species had to be changed as a result of names in Aspergillus having types which included the sexual stage [28] . For example, the name Aspergillus nidulans (Eidam) Winter 1883 was based on a type which included the teleomorph and so had to be used for the teleomorph as Emericella nidulans (Eidam) Vuill. 1927 -leaving no separate name for the anamorph alone. The new name A. nidulellus was consequently coined for that state, but the existence of the nomenclaturally correct A. nidulellus was generally ignored by the fungal genetics research community who continued to use A. nidulans .
The desire for change
Applied biologists, as well as many mycologists, were irritated by such seemingly nonsensical changes. The purpose of names is to facilitate scientifi c communication, and at the same time refl ect the relationships of an organism. In instances such as Aspergillus nidulans, the change was not related to improved communication or any new scientifi c knowledge as to relationships; potentially it effected the reverse. The Committee for Fungi (see above) considers published proposals for making exceptions to the rules. In the case of A. nidulans , a proposal to fi x the type of that name by material only of the anamorph was accepted to preclude the need to adopt A. nidulellus [29] . The conservation procedures were also used to enable the name A. niger to be retained over two earlier names for the same species [29] . In many fungi, however, all the nomenclatural ramifi cations of the changes in the rules enacted in 1981 has not been implemented; there has been a tendency to ' let sleeping dogs lie ' in the interests of name stability.
With the advent of molecular sequence data, it was recognized as early as 1991 that even in the absence of a teleomorph, a fungus only known as an anamorph could be confi dently placed in a genus with species having a teleomorph stage [30] . Actually, as pointed out by Greuter in the discussion at the end of that contribution, while only an asexual morph is known, under the 1983 Code there is no rule to prohibit that being treated as a species in a genus which has a type showing the teleomorph; the rules as currently worded apply only to fungi which are known to be pleomorphic, i.e., ones that have a teleomorph and one or more anamorphs.
Confusion may also be caused because the name of a pleomorphic fungus in all its states, the holomorph, is that typifi ed by the teleomorph. While a mycologist is therefore quite correct under the current Code to use a name such as the recently introduced Neosartorya fumigata [31] or sexual state, were not to be used if that state was not represented by the type for the species name; such names were termed ' illegitimate ' . For example, the name Emericella oryzae Ahlb. 1878 (based on a type not expressing a sexual state), was termed ' illegitimate ' as the type species of the generic name Emericella has the sexual state; Ahlburg ' s name as used in Aspergillus then had to be attributed only to the person using it in that genus, i.e., Aspergillus oryzae Cohn 1884 (with no reference to Ahlburg). However, the converse situation of species names whose type included the sexual state, but which were placed in genera which had an asexual type species, was not ruled on in the Code.
By the 1970s, the increasingly complex rules were being variously interpreted by mycologists. This was especially so with respect to species names in genera typifi ed by an asexual species, but where the type of that species name exhibited the sexual state [20] . There was a growing consensus that change was needed [21] , but the nature of the change could not be agreed upon [22] . In addition, some of those dissatisfi ed with the system consistently refused to adopt separate names for different states despite the requirements of the Code. Foremost amongst these was Kenneth B. Raper (1908 Raper ( -1987 , co-monographer of the genera Aspergillus [23, 24] and Penicillium [25] . He was adamant that these generic names should be used for all fungi exhibiting these asexual states, irrespective of whether or not an ascosporic (i.e., sexual) state was known.
Mycologists wanted to simplify the system, and radical proposals developed by a committee of the International Mycological Association were approved fi rst by the International Mycological Congress in Tampa in 1977 [26] ; these were accepted into the subsequent edition of the Code at the International Botanical Congress in Sydney in 1981 [27] . The terms anamorph and teleomorph were introduced for the asexual and sexual states respectively, and holomorph for the fungus in all its stages (i.e., the ' whole fungus ' ). The name to be used for the whole fungus was decreed to be the earliest available name that had the sexual state represented in its description and type. This applied regardless of the generic name under which a species had been described. For example, if a species which included a teleomorph was named in Aspergillus (a genus with an anamorphic type species), that name in Aspergillus was, nevertheless, now to be used for the teleomorph. Also, there was now no obstacle to a generic name with a teleomorph-typifi ed species being used for a species with an anamorphic type; indeed names that had previously been ruled as illegitimate were now legitimate and could be used -they assumed a new lease of life.
Although it was recognized that the new provisions would lead to numerous name changes in some microfungal groups, the consensus was that this was a penalty to be Petromyces fl avus [32] even where only the anamorphic state is discussed or present. There is no requirement to use the names Aspergillus fumigatus and A. fl avus, respectively, when dealing only with the asexual state. This is clearly not in the interests of communication or stability of names. It is a common misunderstanding amongst some groups of applied mycologists that the use of a name such as N. fumigata means that the sexual state alone is under consideration, which is not the case. For clarity, it is better to specify whether the conidial or ascosporic stage is under consideration.
During the last decade the desire for change has grown. Cannon and Kirk [33] considered deletion of Article 59, the one dealing with this issue, to be inevitable in the long term, and that deletion would be in the interests of nomenclatural stability. But opinions across a whole community are always likely to be conservative. During the 7th International Mycological Congress in Oslo in 2002, there was a formal 1 ½ hour debate on the question ' Has dual nomenclature for fungi run its course? ' between two teams [34] ; the audience voted in favour of continued use (121 votes; 59%) rather than one name per fungus (84 votes; 41%). During the debate, Pitt asserted that in the food industry it was valuable to use the anamorph or teleomorph name of a species as the ascosporic states of Aspergillus and Penicillium species were more heat-resistant. He apparently considered that a different name should be used for a fungus depending on whether the particular isolate was making ascospores or conidia alone, but that usage is contrary to the Code which makes clear that the name typifi ed by the teleomorph is to be used for ' the species in all its morphs ' , i.e., whether ascospores are present or not.
The debate continued after the Oslo Congress, and Rossman and Samuels [35] considered the Article should be changed or eliminated to ensure: (1) a single name for each species; (2) the scientifi c name refl ected phylogeny; and (3) names based on sexual and asexual types carried equal weight.
Cognisant that if no proposals were put to the imminent International Botanical Congress in Vienna in 2005 there would be no change possible until 2011, and following extensive e-mail exchanges, a series of formal proposals to limit the future use of dual nomenclature was published [36] . The Congress approved one action to facilitate fl exibility, by introducing the ability to designate material with the sexual state as a supplementary or explanatory type (an ' epitype ' ) for a name based on an asexual type when no name with a sexual state type was available. The Congress did not, however, adopt the suggestion of prohibiting the introduction of additional separate names for particular states of species which did not have them after 2008. Yet, recognizing that there was a major problem that must be addressed, a Special Committee of mycologists was established by the Congress to investigate the proposals further; it was charged to report to the next International Botanical Congress, which is to be held in Melbourne in 2011. Gams [37] remained unconvinced that abrupt changes should be made, and considered a gentle progression to be preferable. In order to obtain an indication of the wishes of a broad spectrum of mycologists on the system of dual nomenclature and other issues, a questionnaire was circulated at mycological meetings in Baton Rouge (USA), St Petersburg (Russia), and L é on (Spain) in AugustSeptember 2007. There were 95 respondents, but not all expressed a view on each questions; of those responding on each, 68 (84%) considered that a system of one name for one fungus should be sought, 49 (65%) that the practice should be prohibited in future, 21 (43%) that the provision should be deleted altogether, 44 (83%) that the ability to designate an interpretive type showing the sexual stage of a species hitherto only known as asexual should be approved, and 21 (42%) that informal names be permitted to specify anamorphs [38] . In the same year, an international panel convened at a workshop on Aspergillus in Utrecht, agreed that ' single names would simplify things ' , but a majority voted to keep the dual system because ' there are several diffi culties in changing it ' [13] . However, in one of the presentations made at that workshop, Pitt and Samson [39] argued for the retention of the dual system, incorrectly asserting, as had Pitt earlier [34] that ' a teleomorph name of a fungus means ascospores ' , which it does not. It only means that the species is capable of making ascospores, but does not inform as to whether a particular isolate has them or conidia alone.
Mycologists are also expressing their views by actions taken in their publications. Increasingly, where new species of fungi are discovered which have different states, only that producing the teleomorph is named. The ability to designate epitypes ( ' teleotypes ' ) showing the sexual stage of a previously one only known from its asexual stage, adopted at the Vienna Congress in 2005, is being employed to avoid introducing additional scientifi c names. And, perhaps most tellingly, in some instances authors are being pragmatic retaining the most familiar names regardless of the morph expressed by the type species of a genus [40] .
Options for change
That there is what is becoming an overwhelming desire for change amongst mycologists as a whole, with a move to one name for one fungus, is inescapable. The issue now is how to achieve that with a minimum of disruption in currently widely used names. Several authors have endeavoured to identify the various options [30, 33, 35, 36, 37, 41] , and the Special Committee appointed in 2005 has yet to report. The principal alternatives are a choice between either deleting the entire provision permitting dual nomenclature from the rules, or limiting its future use in one of several ways. The fi rst option would provide the cleanest break and be in tune with how different life-cycle stages and sexes are handled in, for example, zoology and those fungi exempted (i.e., Chytridiomycota, Zygomycota, and lichen-forming groups) -but this would potentially be the most disruptive nomenclaturally. The second option would essentially be one of containing the problem while the most pragmatic solution emerged on a genus-by-genus basis. In either case, there would inevitably be numerous instances where formal proposals to the Committee for Fungi would be needed to retain or reject particular names, or fi x their applications by type material with a particular state.
In Aspergillus , which has a long history of usage inclusive of its sexual states [23, 24] , as it is phylogenetically monophyletic there is the option of recognizing infrageneric taxa corresponding to different teleomorph-typifi ed genera such as Emericella and Neosartorya [33] . Indeed, expressions of the type ' Aspergillus ( Emericella ) nidulans ' or ' Aspergillus ( ϭ Emericella ) nidulans ' are increasingly appearing in the literature [42, 43] . However, to regularize these categories as subgenera would require proposals to and actions by the Committee for Fungi as previously published names in the rank of subgenera, often with similar or identical circumscriptions, already exist [44] . For example, Aspergillus subgen. Fumigati has already been already introduced for Aspergillus species with a Neosartorya teleomorph [41] . I personally fi nd this approach particularly appealing.
The issue of just what is best to do in Aspergillus , would perhaps be most appropriately addressed by the International Commission on Penicillium and Aspergillus , which operates under the auspices of the International Union of Microbiological Societies (IUMS), in liaison with other international scientifi c bodies. That Commission was responsible for the production of a list of names in current use in Trichocomaceae , which received special protection against any competing names at the International Botanical Congress in Toyko in 1993 [8, 45] . It would be the ideal body to produce a replacement list based on the principle of one-name for one-species and seek similar protection for that after a due period of consultation with the wider mycological community.
The most appropriate way forward for all fungi will be debated openly during one of three Nomenclature Sessions of the International Mycological Congress to be held in Edinburgh in August 2010. That discussion will provide guidance to the Special Committee appointed to address this matter in formulating its proposals for ratifi cation and incorporation into the next edition of the International Code of Botanical Nomenclature.
Stability in times of change
At a time when changes in the nomenclatural rules governing fungi with pleomorphic life-cycles are under active consideration, the responsible approach is to avoid exacerbating the problem and increasing the potential for confusion by the introduction of additional names for the states of already known species. The excitement and publication of the discovery of sexual states in well-known and medically important fungi for the fi rst time, does not mean that additional scientifi c names must be introduced -as has occurred [31, 32] . Since the Vienna Congress of 2005 [12] , there is the option of designating additional interpretive types exhibiting the sexual state for names previously typifi ed only by the sexual state so that the same name can continue to be used inclusive of the sexual state. However, the most prudent and responsible stance at a time when the pertinent rules are likely to be deleted or changed substantially in the next few years has to be to refrain from introducing additional separate names for states. This is especially so when new names are introduced for sexual states (e.g., Neosartyorya fumigata, Petromyces fl avus ) as those names are then available for use for the fungus in all its stages, and not just that with sexual structures. For example, under the current Code, it is not incorrect to employ the name Neosartorya fumigata when discussing only the asexual state of the species (i.e., Aspergillus fumigatus ) -consequently, the very existence of the name N. fumigata introduces the prospect of misunderstandings and confusions that could have been avoided [48] . Where it is necessary to refer to a particular state that has not been formally named, that can always be done informally and unambiguously using phrases such as ' Neosartorya -state ' or ' Aspergillus -state ' . Interestingly, at the 4th Advances Against Aspergillosis symposium in 2010, the only posters mentioning the sexual state of this fungus or of Aspergillus fl avus , even more commendably did just that -referring to the ' sexual state ' and using neither of the words Neosartorya or Petromyces respectively.
